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Abstract 

We sum cumulatively charges of hadrons produced over the 

range of rapidities in antineutrino-nucleon charged current 

interactions and show that the hypothesis of local charge 

conservation (LCC) is approximately valid above center-of-mass 

energies of 4 GeV. Charge compensation in the current 

fragmentation region seems to occur in a shorter rapidity 

interval than in proton-proton interactions at comparable 

centre-of-mass energies. 
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1. Introduction 

A sensitive test of a particular model for quark fragmen- 

tation into the observed hadron states is provided by the 

rapidity zone analysis.‘-" By studying the charge variation 

as a function of rapidity one is able to verify how charge is 

compensated locally in rapidity space and learn about charge 

transfer along the rapidity axis. Information on the charge 

transfer between the current and target fragmentation regions 

is of special interest. Charge density has been studied 

earlier in Ref. '4. 

The purpose of this study is to measure the variation of 

the summed or cumulative charge along the rapidity axis in 

antineutrino-nucleon charged current interactions. This is 

the first cumulative charge measurement in lepton produced 

hadronic final states and should prove useful in testing 

recent models of quark fragmentation. 

For each individual event the tracks are ordered with 

increasing c.m.s. rapidity,y *1 * * * * 
=? In (E +P,, )/(E -P,,) , 1 

where 

E* is the hadron c.m. energy and mp:l the hadron momentum 

component along the current direction. The cumulative charge 
.th 

1 eit summed over hadrons with rapidity below that of the 1 
i 
final state particle, equals the charge transfer through yi*. 
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For il,lustration we show in Fig. 1 the zones, or regions where 

the cumulative charge 2 ei#O, and the gaps, i.e the regions 
i 

separating the zones, with Zei=O. The function plotted in 
i 

Fig. 1 is the zone graph 

Z(y*) = C ei8 (y*-yr) 
i 

(1) 

where e(y*-yz) is the step function equal to 0 for negative 

arguments and equal to 1 elsewhere and the summation is ex- 

tended over all charged hadrons in the final state. Each zone 

is defined by the following three parameters: 

(1) nZ, the number of tracks in zone Z 

(2) Yz. the average rapidity of zone Z; i.e., 

half sum of the rapidities of the first and last 

particle in the zone, and 

(3) xzr the distance between the rapidities defining a 

zone. 

The hypothesis of local charge conservation (LCC) states 

that nz and Xz should become independent of W at sufficiently 

high energies.' In the following we shall test the LCC 

hypothesis in the antineutrino charged current induced quark 

jets. 

2. The experiment 

The experimental data come from exposure of the Fermilab 
l 

15-foot bubble chamber to a wide-band horn-focussed anti- 

neutrino beam and, in a second run, to a bare target sign 

selected antineutrino beam. The muons in the sample of 

charged current events are identified by the External Muon 
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Identifier (~41) supplemented by a large transverse momentum 

procedure (BIGPT) described elsewhere.6 The overall u+ 

identification efficiency is 92%, independent of muon 

production angle for muons with laboratory momenta larger than 

4 GeV/c. The antineutrino energy spectrum peaks at 18 GeV and 

extends up to 200 GeV. 

On the average 17% of the hadronic energy escapes 

detection in the bubble chamber. This analysis is performed 

using several energy reconstruction procedures, for example, 

event-by-event methods 7’ and an average energy correction 

method. 3 The physics results presented here were found to be 

insensitive to the method employed and are actually based on 

the method of Ref. 8. 

The antineutr in0 charged current event sample was 

required to have (a) a positively charged muon with momentum 

greater than 4 GeV/c and (b) a total momentum along the anti- 

neutrino direction larger than 7.5 GeV/c. The event sample 

passing these selection criteria consists of 7200 unweighted 

events. 

Further details concerning the data sample used for this 

analysis can be found in Ref. 6. 

3. Results 

In the foliowing we only consider charged final state 

hadrons travelling forward in the current direction in the <,,N 

charged current interactions; i.e, we require that the c.m. 

rapidity y* is positive for each final state particle. We 

have shown earlier in Ref. 6 that this is a natural definition 
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of the "current fragmentation region”. At low c.m. energies 

(W<4 GeV/c) there is a significant overlap between the target - 

(y*<O) and current fragmentation regions that one has to keep 

in mind when interpreting the results. To exclude quasi- 

elastic channels we require further that the lepton four- 

momentum transfer, -q2, fulfills the condition -q2>l GeV2/c2. 

Among the positively charged particles in the current 

fragmentation region (y*>O) there is a (15*3)% contribution 

from unidentified protons which have been assigned the pion 

mass.'O These unidentified protons get shifted, on the 

average, about 0.7 units higher in rapidity due to the wrong 

mass assignment. We have studied effects of the unidentified 

protons in our analysis by utilizing the observed lambda- 

hyperons in our data sample and find the correction to the 

rapidity zone distributions to be negligible. 

To observe possible effects due to the overlap between 

the current and target fragentation regions we shall use two 

alternative definitions for the rapidity zones in the forward 

centre-of-mass hemisphere (shaded regions in Fig. 1). We 

first define the rapidity zones in the current fragmentation 

region for particles strictly forward in the hadronic centre- 

of-mass system (y*>O; FORWARD ZONES I). Secondly, we allow 

for an overlap between the target fragmentation region as 

indicated in Fig. lb (FORWARD ZONES II). 



-5- 

In Fig. 2 we show the average number of rapidity zones 

cNZ>=Cn ch >/<nz> as a function of the average charged particle 

multiplicity <rich> for the two definitions (I and II), 

respectively. In Fig. 3 the length distribution of the 

rapidity zones, dNZ/dXZ = exp(-XZ/Xole can be seen to be 

characteristic of models satisfying the short range correla- 

tion hypothesis (SRO). The rapidity zones in the current 

fragmentation region (solid circles in Fig. 3, FORWARD ZONES 

I) are seen to be significantly shorter, on the average, than 

the zones which include an overlapping zone with the target 

fragmentation region (solid squares in Fig. 3; FORWARD ZONES 

II). The average zone length is for the strictly forward 

rapidity zones <Xo>=0.57+0.01 and for the zones which include 

an overlapping zone with the target fragmentation region 

(FORWARD ZONES II), CX,>=O.95+0.01. 

We test the JXC hypothesis in Fig. 4 where the average 

zone length, <X0', and the average charged particle 

multiplicity in a zone, <nZ>, are plotted as functions of the 

c.m. energy W. For comparison, data from two proton-proton 

experimentsz8 are also shown. At low c.m. energies (WC4 GeV) 

a clear increase of <X0> and <nZ> with W is observed. At c.m. 

energies of W>4 GeV, however, only weak dependence on W 

remains. The data points for central rapidity zones (obtained 

by excluding the target and beam fragments) in proton-proton 

experiments (open circles in Fig. 4) lie at slightly higher 

c.m. energies and roughly agree with our measurements for the 

rapidity zones in the current fragmentation region (FORWARD 

ZONES I), but strongly disagree with the zones which include 

an overlapping rapidity zone FORWARD ZONES II). 
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The average charged particle multiplicity in a zone, 

<nZ>, seems to be larger in the proton-proton induced central 

zones than in our rapidity zones in the current fragmentation 

region (Fig. 4b). If we include the overlapping zones, the 

multiplicities <nZ> measured in this experiment are seen to be 

comparable to the results obtained in the pp-exper iments 

(Fig. 4b). 

As expected from kinematics we observe a logarithmic 

increase of the average zone rapidity <yz> as a function of W 

(Fig. 5). 

4. Conclusions 

We have analyzed rapidity zones in the hadronic final 

states of charged current antineutrino-nucleon interactions. 

The average length in rapidity required for hadron charge 

compensation is measured as an average zone length, <X0>, and 

found to be in these lepton produced jets equal to 0.5720.01 

units of rapidity. If an overlap with the target fragments is 

allowed in defining the rapidity zones a significantly longer 

average zone length is measured: <lo~=o.95co.01. This result 

demonstrates the importance of the overlap between the target 

and current fragmentation regions and suggests more random 

distribution of charge in the central rapidity region. ‘a6 

Weak dependence of the zone length <X0> and the zone 

multipli C 

hypothes i 

energies 

of these 

ity <nZ> on the c-m. energy give support to the LCC 

s but suggest that the presently available c.m. 

are still too low for the exact energy independence 

zone parameters. 
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Figure Captions 

Fig. 1 Illustration of the two definitions of the rapidity 

zones used in this analysis (shaded regions): (a) the 

forward c.m.s. rapidity zones for charged particles 

having c.m.s. rapidities y*>o (FORWARD ZONES I), and (b) 

the forward c.m.s. rapidity zones which include an over- 

lapping zone (FORWARD ZONES II). The rapidity zone graph 

can be expressed as a sum over the final state charges, 

ei, along the rapidity axis 2 (y*)=Cei8(y*-y;). 
i 

Fig. 2 Average number of rapidity zones per event as a 

function of average charged particle multiplicity for (a) 

FORWARD ZONES I and (b) FORWARD ZONES II. 

Fig. 3 Length distribution of the rapidity zones, dNZ/dXZ, 

as a function of A z for FORWARD ZONES I (solid circles) 

and FORWARD ZONES II (solid squares). The solid lines 

represent exponential parameterizations of the data: 

dNZ/dAZ = exp(-AZ/Ao). i 

Fig. 4a Average length of the rapidity zones for FORWARD 

ZONES I (solid circles) and FORWARD ZONES II (solid 

squares) as functions of c.m. energy W. The open circles 

represent proton-proton data for central zones from 

Ref. 2 and 3. 



Fig. 4b Average charged particle multiplicity in a rapidity 

zone for FORWARD ZONES I (solid circles) and FORWARD 

ZONES II (solid squares). The proton-proton data from 

Ref. 2 and 3 for central zones are shown by open circles. 

Fig. 5 The average sane rapidities for FORWARD ZONES I 

(solid circles) and FORWARD ZONES II (solid squares) as 

functions of the c.m. energy. 
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